We observed sea-ice clutter using a millimeter wave radar with a frequency of 34.860 GHz, a horizontal beamwidth of 0.25°, a vertical beamwidth of 5.0°, horizontal linear polarization, a pulsewidth of 30 ns, a pulse repetition frequency of 4,000 Hz, an antenna scan rate of 18 rpm, an intermitted frequency of 100 MHz, an intermitted band width of 45 MHz, and a transmitted peak power of 30 kW which is located at the city of Mombetsu in Hokkaido.
To determine the sea-ice clutter amplitude, we introduce the Akaike Information Criterion (AIC). It is discovered that the sea-ice clutter amplitudes obey the log-Weibull distribution with the shape parameters of 2.36 to 2.93 in terms of the temporal and small scale range fluctuations with which a constant false alarm rate (CFAR) is concerned.
We propose a new log-Weibull/CFAR system uses a modified cell-averaging LOG/ CFAR system. This system is shown in Fig.  1 . A conventional cell-averaging LOG/CFAR system is enclosed with a broken line. We add the circuit calculates the mean-squared value of y to this system and calculate a ratio of 〈 y 〉 and root of 〈 y 2 〉. Substituting the parameters b and c into Eq. (13), and determining the threshold level T h adequately, the false alarm probability P fa is kept constant, that is, CFAR is maintained. We can maintain CFAR for the log-Weibull distributed clutter by means of modifying a cell-averaging LOG/CFAR system. The results of log-Weibull/CFAR procedure for 3 
10
N P − = and the number of samples 64 N = is shown in Fig. 2 . In this case, the target-to-clutter ratio (T /C ) is 49.1dB. It is found that sea-ice clutter is suppressed with the improvement of more than 40 dB. 
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We observed sea-ice clutter using a millimeter wave radar with a frequency 34.860 GHz, a beamwidth 0.25
• , and a plusewidth 30 ns which is located at the city of Mombetsu in Hokkaido. To determine the sea-ice clutter amplitude, we introduce the Akaike Information Criterion (AIC). It is discovered that the sea-ice clutter amplitudes obey the log-Weibull distribution with the shape parameters of 2.36 to 2.93 in terms of the temporal and small scale range fluctuations with which a constant false alarm rate (CFAR) is concerned. We propose a new log-Weibull/CFAR system uses a modified cell-averaging LOG/CFAR system. It is found that sea-ice clutter is suppressed with the improvement of more than 40 dB.
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Introduction
In radar signal processing, it is important to improve target detectability over various clutter, such as ground, sea, and weather clutter. Ground clutter is the reflected waves from the ground surface, sea clutter is from sea waves, and weather clutter is from clouds and raindrops. Thus radar clutter is defined as the unwanted reflected waves from irrelevant targets and such clutter prevents the detection of targets. To overcome such difficulties, various anticlutter techniques have been utilized. For example, a moving target indicator (MTI) is used against ground clutter, a circular polarizer is used against weather clutter, and a logarithmic constant false alarm rate (LOG/CFAR) system is used against sea and weather clutter having a large dynamic range (1) . The LOG/CFAR system makes use of the fact that the sea and weather clutter amplitudes obey a Rayleigh distribution. The system reduces the clutter output to about the receiver noise level by means of a logarithmic amplifier and a CFAR circuit. However, when the clutter amplitudes do not obey a Rayleigh distribution, the output clutter level is not kept constant and discrimination of the target from clutter is no longer easy (2) . Recently, some of the present authors have observed that the ground (3) , sea (4) , and weather (5) clutter amplitudes obey log-normal, Weibull, log-Weibull, and Kdistributions. To suppress such clutter, the new CFAR has been considered.
In this paper, sea-ice clutter data has been measured by the present authors using a millimeter wave radar with a frequency 34.860 GHz, a beamwidth 0.25
• , and a plusewidth 30 ns. It is discovered that the sea-ice clutter * Department of Communications Engineering, National Defense Academy 1-10-20, Hashirimizu, Yokosuka 239-8686 amplitudes obey the log-Weibull distribution with the shape parameters of 2.36 to 2.93 in terms of the temporal and small scale range fluctuations with which a CFAR is concerned. Thus the present authors propose a new method for suppressing the log-Weibull distributed clutter by means of a modified cell-averaging LOG/CFAR system. It is found that this system provides effective clutter suppression and target detection.
Observations of Sea-Ice Clutter
Sea-ice clutter was measured at 143 degrees 22 minutes of east longitude and 44 degrees 21 minutes of north latitude which located at the city of Mombetsu in Hokkaido, Japan. The data was recorded at February 22, 1988. The specifications of the millimeter wave radar used are listed in Table 1 and the system diagram is shown in Fig. 1 . As soon as the radar starts a sampling, the A/D converter digitized the video signal from the radar in 8 bit, and hence the minimum and maximum integer values of the data were 0 and 255, respectively. The data were transferred to the following 64 kByte×4 DRAM Memory Block. At this time, the memory management block specified the memory address of the memorized data, and data could continuously be written in the memory block. After writing, the 8-bit digitized data were DMA (Direct Memory Access) transferred to a large-volume RAM (Random Access Memory) board through a multi bus and a personal computer. An observed area was set up by the data transferred from the personal computer through the bus. According to this setup, an azimuth control unit and a control block controlled the azimuth direction and the radial direction of the observed area, respectively, by the trigger signal from the radar. The setup items were a sampling rate, a sampling start distance, and an observed area. In this measurement, the sampling rate was 20 MHz and the sampling start distance was 0.5 km. The receiver of this radar was a linear amplifier. For the purpose of measuring reflective intensity in the quantitative analysis, the receiver was equipped with a log-IF amplifier. The measured signals were in proportion to reflective intensity, that is, logarithm of radar cross section. The observed data are shown in Fig. 2 . As shown in Fig. 3 , the observed area were from 0.00
• to 6.91
• in the azimuth direction and from 0.5km to 2.42km in the radial direction. The grazing angles were calculated as 0.36
• at 2.42km and 1.72
• at 0.5km using Eqs.
(1-30) in Ref. (6) . The observed data were a region of 256 range sweeps in azimuth and 256 range bins in range interval.
To confirm the accuracy of target detection, we considered an iron tower and a breakwater as a target. The iron tower and the breakwater are enclosed with a solid line and a broken line, respectively, in Fig. 2 . These had almost the same reflective intensity as sea-ice. The observed sea-ice was about 10 to 15cm thick.
Determination of Sea-Ice Clutter Amplitude Using AIC
To determine the sea-ice clutter amplitude, we apply some models to observed data and compare "goodness" of models. In this paper, we use four probability distribution models, the log-normal, Weibull, log-Weibull, and K-distributions, and introduce the Akaike Information Criterion (AIC) (7) . We summarize the probability density functions and properties of these four models in Table 2 . x is the amplitude of the return signals. The AIC is defined as
The value of the AIC itself is not significance, the differences in the values of the AIC are important. The significant differences are larger than unity from the relationship between the AIC and the entropy. The model which yields the smallest AIC (MAIC ; minimum AIC estimation) is regarded as the best one (8) . We summarize the shape parameters and the AIC values for different range sweep numbers in Table 3 . The smallest AIC is indicated by underline. 
·Including the exponential and Rayleigh distributions (2) .
·We proposed in 1980 and 2001 (3) (9) .
·Having the advantage of both the log-normal and Weibull distributions.
·E. Jakeman and P.N. Pusey proposed in 1976 (10) .
·ν has been found to lie in the region ν = ∞, indicating Rayleigh distributed clutter (10)- (13) .
·ν changes the range of 0.1 < x < ∞ by the radar parameter, sea state, grazing angle, and so on (10)- (13) . First, we examine entire data for range sweep 0-255. Thus the number of data points is 256×256 = 65,536. The best fit of the entire distribution is a log-Weibull distribution, since the smallest AIC value is 521,099 for a log-Weibull distribution and the next smallest value is 524,233 for a log-normal distribution. This is shown in Fig. 4 .
Next, to determine the parameter of such distributed sea-ice clutter in terms of the temporal and small scale range fluctuations with which a CFAR is concerned, we pick out a sample area of 256 range bins, corresponding to 1.92km, and 9 range sweeps, corresponding to about 0.25
• in azimuth. Thus the number of data points is 256×9 = 2,304. It is found that the sea-ice clutter amplitudes obey the log-Weibull distribution with the shape parameters of 2.36 to 2.93. In range sweeps 72-80 and 81-89, since the shape parameters of the K-distribution 
Modified LOG/CFAR System for LogWeibull Clutter
Now it is shown that if any clutter amplitudes, obeying the log-Weibull distribution in Table 2 , is passed through a conventional LOG/CFAR circuit, then the variance of the receiver output depends on the scale parameter b and the shape parameter c and CFAR is not maintained.
If the log-Weibull distributed clutter amplitude x is passed through an idealized logarithmic amplifier, the output y is represented by
where k and l are constants of the amplifier.
The mean value of y is
The corresponding mean-squared value is written as
Thus the variance of y is given by
That is, the variance of y, after having passed through a logarithmic amplifier, depends on b and c. Subtracting the mean value y from y, we can write
The output signal z of an antilogarithmic amplifier is represented by
where m and n are constants of the amplifier. Substituting Eq. (2) and Eq. (3) into Eq. (6), and then Eq. (6) into Eq. (7), we obtain
If the constants are determined such that kn = 1, Eq. (8) becomes
The mean value and the mean-squared value of z are given by
The variance of z is then given as
Thus if the clutter amplitudes obey the log-Weibull distribution, the variance of z is determined by the parameters b and c. The false alarm probability P fa is the probability that a clutter signal above the threshold T h is misjudged as a target signal and it is given by
The false alarm probability P N changes depending on b and c. That is, P N is not constant. However, if the threshold level T h is determined from b and c, it is possible to maintain CFAR for the log-Weibull distributed clutter amplitude by using this T h . The constant is determined such that l = 1, Eq. (3) and Eq. (4) become
A ratio of Eq. (14) and root of Eq. (15) is formed
This ratio is independent of b and depends only on c. This is shown in Fig. 6 . Thus the value of c is determinable by calculating y and y 2 . Then the constants k and m are known, the value of b is determined from c and Eq. (14) or Eq. (15), the value of T h is determined from b, c, and Eq. (13). This new log-Weibull/CFAR system is shown in Fig. 7 .
In Fig. 7 , a conventional cell-averaging LOG/CFAR system is enclosed with a broken line. We add the circuit calculates the mean-squared value of y to this system and calculate a ratio of y and root of y 2 . In  Fig. 6 , this ratio is a monotonous increase function for c. Thus, we can determine the value of c from this ratio. Substituting b and c into Eq. (13), and determining T h Fig. 7 . New log-Weibull/CFAR system adequately, P fa is kept constant, that is, CFAR is maintained. We can maintain CFAR for the log-Weibull distributed clutter by means of modifying a cell-averaging LOG/CFAR system.
The new log-Weibull/CFAR system has been applied to the observed data in Fig. 2 . The threshold level T h is determined for P N = 10 −3 . The results of logWeibull/CFAR procedure for the number of samples N =32 and 64 are shown in Figs. 8 and 9 , respectively. By comparing with Fig. 2 , it is easily seen that sea-ice clutter is suppressed and target is detected.
To evaluate this log-Weibull/CFAR system quantitatively, we introduce the target-to-clutter ratio. The target-to-clutter ratio (T /C) is defined as
Here s and x are the signals of target and clutter, respectively (14) . We calculate the target-to-clutter ratio (T /C) from Eq. (17). In case of Fig. 2 , the ratio (T /C) is 6.19 dB, while the ratio (T /C) in Figs. 8 and 9 are 48.2 dB and 49.1 dB, respectively. Thus we obtain more than 40 dB improvement. 
Conclusions
Measurements of sea-ice clutter have been reported using a millimeter wave radar with a frequency 34.860 GHz, a beamwidth 0.25
• , and a pulsewidth 30 ns. To determine the sea-ice clutter amplitude, the AIC has been considered. It has been shown that the sea-ice clutter amplitudes obey the log-Weibull distribution with the shape parameters of 2.36 to 2.93 in terms of the temporal and small scale range fluctuations with which a constant false alarm rate (CFAR) is concerned. To detect the target embedded in such clutter, we propose a new log-Weibull/CFAR system uses a modified cellaveraging LOG/CFAR system. It is found that sea-ice clutter is suppressed with the improvement of more than 40 dB.
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